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INTRODUCTION 
Recently, at the Iowa State University Genetics Laboratory, a strain 
(K) of inbred mice was found which showed a decrement in learning ability 
following a dose of UOO r. whole-body X-radiation (Huff, 19$8). Another 
strain (Z) showed a change but of much less amount. These observations are 
of interest because the treatments causing them are within the physiolog­
ical range. Briefly, it was concluded that: (1) the treatment resulted 
in a decrement of learning ability in both strains; (2) the magnitude of 
the decrement was strain-dependent; and (3) non-irradiated animals from 
the 2 strains differed in learning ability. Consequently, this work pro­
vided a basic conclusion: Radiation below the median lethal dose can 
produce a measureable effect on maze acquisition of mice. With the 
demonstration of this effect, more problems arise. (1) Is the decrement 
due to a primary effect on the brain, or caused by a change produced in 
an organ (or several organs) of the body which in turn affects the func­
tioning of the brain; and (2) Of what importance are the genetic back­
grounds of the animals regarding their response to the radiation? The 
work discussed herein was initiated in order to further verify the earlier 
results and to provide answers to the preceding problems. The level of 
X-radiation was kept at 1*00 r., because this level provided a differential 
response of the 2 strains but was below the dosage which causes gross 
damage to the vascular system of the brain. Partial-booty- X-radiation was 
used to determine the nature of the radiation effect (i.e., primary or 
secondary) on the brain. Mice obtained from reciprocal crosses between 
the K and Z strains were used to obtain information regarding how the 
genetic background influences the response to X-radiation* 
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REVIEW OF LITERATURE 
The following literature has been chosen in order to provide an 
understanding of what has been done to determine effects of X-radiation 
on learning and to provide a background for the genetic aspects of the 
problem* The literature was selected to include relevant variables of 
X-radiation which are important in any biological study of radiation 
effects, and also to review results of both embryological and adult behav­
ioral experiments which were conducted to detect radiation effects* 
Patt and Brues (l95Ua) cite 10 variables as important in the study of 
ionizing radiation effects. Any study of radiation effects should attempt 
to control these variables. The variables are: 
1. Quantity—Effects may be directly related to dose. 
2. Rate of delivery or dosage—The effectiveness of a given dose 
may decrease with a decrease in rate of exposure; i.e., there 
may be some recovery if a certain quantity of radiation is 
given in several doses rather than in a single dose. This is 
demonstrated by McLaurin et al. (1955) in which paraplegia was 
shown to be produced in the spinal cord of monkeys with a 
single dose of 7,500 r., but 2 daily doses of 5,000 r., or 5 
daily doses of 3,000 r. were required to produce the same effect* 
3. Type of radiation—In mammals, the effectiveness of radiation 
is usually directly related to specific ion density* 
U. Manner of exposure—Shielding parts of the body (e.g., spleen) 
can decrease the effectiveness of a given dose regarding death 
rate. 
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5. Time after exposure that observations are made—Because of 
latencies exhibited by maqy of the radio-biological effects, 
this is a very important variable. It is possible that effects 
vary from a fraction of a second to many days or weeks following 
treatment. 
6. Species differences—The LD q^ for a given period of time is 
different for various species. 
7. Sex differences and individual differences within the same 
species—A study by Chapman (1955) demonstrates that a given 
dose of X-radiation will kill more male than female mice. 
However, the weight of the females was affected to a greater 
degree. Gowen and Stadler (1956) demonstrated that the LD^Q 
was different for different inbred strains of the same species. 
8. Conditions of the organism--Vitamin deficiencies, sudden changes 
in temperature, infections, and exercise are some of the factors 
that can increase the effectiveness of a given dose. 
9. Drugs and anoxia—Anoxia or drugs such as alcohol and glutathione 
may depress the effects of a given dose. 
10. Reproductive activity of the tissues—Effectiveness of radiation 
varies for different tissues within the same organism* The 
hematopoietic system, gastrointestinal tract, gonads, and cornea 
are some of the radiosensitive tissues* The endocrine glands 
and muscles are examples of resistant tissues* 
Since mary investigations have been conducted which might suggest 
possible mechanisms affecting behavioral changes, a discussion of these 
studies seems warranted* 
h 
Kohn et al. (1957) subjected mature BALB/c and GAF^ mice to whole-
body X-radiation (1*00 to 799 r., 250 pkv). After the acute stage (U9 
days) and before the stage of 10 percent cumulative mortality was reached 
(330 days) animals were sacrificed and examined at different intervals. 
Significant net losses of thymal and gonadal substances were noted. Exam­
ination of the testes showed increased arteriosclerosis, and abnormal 
material was observed in the interstitial cells. Microscopic evidence 
of neoplasia and a failure of males to show normal increase in heart, 
kidney, and submaxillary glands were found. Generally, normal differences 
between males and females were reduced. The authors concluded that these 
changes reflected a change in the endocrine balance of the animals* 
Patt et al. (19U7) investigated adrenocortical response of male rats 
exposed to whole-body X-radiation of sublethal (200 r.), half-lethal (650 
r.), and 100 percent lethal (900 r.) doses (200 pkv, 15 ma., 0.5 mm. Cu 
and 1.0 mm. A1 filters, a distance of 72.5 cm., and a dose rate of 15 r's 
per minute). Measurements of adrenal weight and adrenal cholesterol 
content (precursor of adrenal cortical hormone) were taken. The response 
to 200 r. indicated little change, but higher doses produced definite 
responses. Within a few hours following treatment and continuing for two 
days, a marked increase in adrenal weight and a decrease in adrenal cho­
lesterol content were found. This was generally associated with increased 
adrenal activity. Following this two day period, an excessive amount of 
adrenal cholesterol was noted which was associated with adrenal exhaustion 
due to over-stimulation. The authors hypothesized that an increase of 
adrenal activity might account for some early symptoms of radiation 
sickness (e.g., changes of the blood and lymphoid tissues). This was based 
s 
on the observations showing the same changes in the absence of radiation 
but with the injection of adrenal cortical extract or pituitary adreno-
trophic hormone* If adrenalectomy could be shown to prevent these symp­
toms following X-radiation, this hypothesis would be substantiated, 
Ramey et al, (1950) studied the influence of adrenalectomy on 
muscular fatigue in rats. The authors found that adrenalectomized rats 
forced to swim showed fatigue and sank within 30 minutes, although control 
rats swam for several hours. In vitro studies of muscle strips from dif­
ferent body locations showed no difference in fatigability between 
adrenalectomized rats and normal ones* This applied to either direct 
muscle stimulation or to indirectly stimulating the muscle by stimulating 
the nerve. The authors concluded that circulatory involvement was implied 
in the in vivo effect of adrenalectomy, primarily due to a failure of 
neurocirculatory adjustment to the more rapid blood flow needed for in 
vivo muscular exercise* 
A study to determine the effect of X-radiation on muscle fatigue 
and to find the part played in this effect by adrenal cortical hormones 
was done by Halçy et al, (1958) • They administered 600 r, acute whole-
body radiation (250 pkv, 15 ma., 0,21 mm, Cu inherent, 0,5 ram. Cu para­
bolic, and 1.0 mm* A1 filters, F0D 100 cm*, 9*18 - 10*25 r, per minute) 
to rats of the Wistar and Long-Evans strains. The rats were anesthetized 
and connected to an Ingle muscle fatigue apparatus at various periods 
following treatment. Irradiated rats showed loss of muscle responsive­
ness, increased fatigability, and decreased work output, beginning the 
day following treatment and lasting for 10 days. However, the decrease 
was not significant until day U, with the low point between the 7th and 
6 
9th day. Injections of adrenal cortical extract had no effect on control 
or irradiated Wistar rats, but did increase work output of both groups in 
the long-Evans strain# Adrenalectomy did not alter the differences 
between control and irradiated animals. The authors suggested that the 
decreased muscle responsiveness and increased fatigability of irradiated 
animals was due to a lack of gllycogenolysis, poor intestinal absorption 
of glucose, and circulatory collapse. Glaus (1958) has shown that these 
effects do occur# 
Considering effects upon the brain itself, Gangloff and Haley (1959) 
produced changes in the electrical activity of the brain of cats with 
X-radiation. However, these changes were primarily temporary, Boguraill 
(1957) produced histological changes in brain tissue of cats and monkeys 
following massive doses of head irradiation, 
Lebedinsky (1955) reviewed some Russian papers concerning changes in 
the function of the nervous system. By far the most striking was a sig­
nificant prolongation of time required to evoke the leg flexor reflex in 
rabbits after a dose of only 0.1 r. Changes in conditioned reflex 
responses in rats, cats, dogs, and rabbits were found by Minaev (195U) 
after doses of 100 to 500 r. to the head. Caster et al. (1958) postulated 
a possible existence of a small population of highly radiosensitive cells 
in the brain# Destruction of these cells could cause temporary functional 
changes but would not cause gross anatomical changes. 
Embiyological X-radiation 
Erabryological X-radiation has been shown to produce behavioral 
changes at levels of treatment ranging from 90 to 600 r. These changes 
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were accompanied by gross morphological abnormalities of the brain which 
were attributed by the authors as the cause of the behavioral changes# 
Embiyological studies involving morphological investigations of effects 
due to X-radiation as well as behavioral studies were selected for review: 
Russell (195U) has written a review of the effects of prenatal 
X-radiation. She has divided the gestation period for mammals into 3 
stages* preimplantation of the zygote, major organogenesis, and period 
of the fetus. The following effects were given for each period: 
1. Preimplantation—A high prenatal death rate was produced by 
radiation, but the surviving animals were mostly normal. Little 
morphological effect on the central nervous system was produced 
during this period# 
2# Major organogenesis—Radiation increased prenatal death to a 
rate lower than that during preimplantation but produced many 
morphological abnormalities in surviving animals# During this 
period many abnormalities of the nervous system were produced# 
In rats and mice, Hicks (1950, 195U) found that specific abnor­
malities were correlated with the stage of development during 
which the treatment (200, 1*00, and 600 r.) was applied# No 
difference in sensitivity between rat and mouse fetuses was 
detected# 
3# Period of the fetus—The cerebellum shows gross morphological 
abnormalities# 
According to Hicks (1950, 195k) the most frequently occurring central 
nervous system abnormalities produced by irradiation of embryonic rats 
and mice daring specific days of development were* 
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0 - 8  d a y s  — - — —  N o  m o r p h o l o g i c a l  a b n o r m a l i t i e s  o f  t h e  c e n t r a l  
nervous system in surviving animals# 
9th day —— —— Anencephaly, 
10th day — Encephalocele and cerebral deformation* 
11th day ———— Aqueduct narrowed, hydrocephaly and encephalocele* 
13th - 16th day Damage to basal ganglia, cortex, hippocampus, 
and corpus callosum* 
16th - term — Abnormalities of the cerebellum. 
Slice the determination of exact age at the time of treatment is 
subject to errors and the list contains only those abnormalities liiich 
were most frequent for specific periods, it Ëiould not be taken as an 
exact key of what will happen with application of treatment during any 
specific day of prenatal development* 
That damage to the brain of prenatal animals is directly related to 
dose has been shown by Wilson at al* (1951, 1953) • Rat embryos at 9 - 10 
days of age were given 25 to UOO r. Any dose exceeding 200 r. was fatal 
to all embryos* In the case of 9 day animals, 25 r. produced ocular 
abnormalities in only a few rats; 50 r. produced ocular abnormalities in 
75 percent of ths animals, and 100 r* produced them in 90 percent* For 
the 10 day animals, the abnormalities were similar but less frequent for 
a given dose* In a related experiment by Hugh and Wolf (1955) » rat 
fetuses were irradiated at 13*5 days of age with 300 r* Some animals 
were examined U, 2U, or 72 hours after treatment, and others were 6 days 
later* Extensive damage to the retinae was found in those examined U 
hours after treatment* Phagocytes had begun removal of cellular debris 
within 2b hours, and only a few signs of injury were found in mUmai 
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examined 6 days after birth. Hugh concluded that a recovery process 
occurred by proliferation of the more radioresistant precursor neuro­
ectoderm cells rather than repair of damaged cells. 
Russell (1951.) reported clinical studies in which no damage to human 
embryos following irradiation of pregnant women was found. However, 
Murphy (1929) reported various abnormalities found in 625 pregnancies 
after the women had been subjected to ionizing radiations. Microcephaly 
was the most frequent abnormality. 
The preceding studies were confined to morphological abnormalities 
of the nervous system produced early in the developmental history of the 
animal. Unfortunately, studies to detect behavioral changes following 
irradiation of embryos have been few in number. However, those that have 
been done have indicated a change attributed to radiation* Le Vinson 
(1952) I-irradiated rat fetuses with 300 and 600 r. on the 11th, 13th, 
15th, 17th, and 19th days of gestation* Fifty days after birth the rats 
were tested for ability to learn a maze. She found that learning, as 
measured by trials to criterion, number of errors, and time spent in the 
maze, was affected ty radiation. The irradiated animals required more 
trials to reach criterion than did the control animals. Those treated 
on the 13th post-conception day were found to be the most affected. 
Hicks1 time table shows morphological abnormalities in the basal ganglia, 
cortex, hippocampus, and corpus callosum produced by radiation admin­
istered during the 13th to 16th day of gestation# À comparison of 
Le vins on's results with the time table could indicate the reason she 
obtained a decrement in learning by irradiating the rats; i.e., damage 
to the cortex could affect the learning ability of the animals# 
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Furchtgott jet al. (1958) extended the study by Levinson (1952). He 
subjected rats to 100 , 200, or 300 r. on days lit to 15 and 16 to 18 of the 
gestation period or immediately after birth (170 pkv, 10 ma., target-focal 
distance $0 cm., at a dose rate of Ul + 0.82 r./min.). At the age of L5 
to 50 days, the animals were given 25 trials in a directional maze which 
was washed after each trial in order to prevent odor cues. Trials, total 
number of errors, and retention errors were adversely affected by radi­
ation in animals irradiated before the 15th day of gestation, a 200 r. 
dose was effective for those treated before 18 days, and only the 300 r. 
dose was effective for animals treated at birth. 
Tait et al. (1952), using 30, 90, 180, and 360 r., found that X-
irradiation of rat fetuses in the last week of gestation produced signif­
icantly poorer maze learners in those animals receiving 90 or mare r. 
The preceding studies have found behavioral changes attributed to 
X-radiation administered before birth or immediately following birth. 
Levinson (1952) found that X-radiation of rat embryos resulted in poorer 
maze learners (measured 50 days after birth). Tait et al. (1952) demon­
strated the same type of effect. Furchtgott et al. (1958) confirmed these 
results and demonstrated a dose-age relationship. Animals irradiated 
following birth were better maze learners than those irradiated on the 
18th day of gestation. Both of the preceding groups were better maze 
learners than the animals irradiated on the 15th day of gestation. These 
learning decrements were accompanied by gross morphological abnormalities 
of the brain, and the authors have attributed the effects to the morpho­
logical changes. 
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Adult X-radiation 
A review of literature involving irradiation of adult animals indi­
cates that the nervous system becomes more radioresistant in adults. The 
literature shows no impairment of learning by doses in the total-body 
median-lethal dose range (30 days). Although with doses of 1,000 r. or 
more to the head only, several investigators (Andrews and Kirkland, 1953 J 
Arnold et al. 195b; Campbell and Novick, 19h9; Clemente and Hoist, 195k; 
Davidoff et al. 1938; Davison and Ellinger, 19k2; Greenfield and Stark, 
19U8; Hicks, 1950; Hicks and Montgomery, 1952; Lyman et al. 1933; McLaurin 
et al. 1955; and Russell, 195k) have detected neural degeneration or 
dysfunction. Some of them ( Campbell and Novick, 19k9; Clemente and Hoist, 
195U; Greenfield and Stark, 19U8; Hicks, 1950; Ross et al. 195U; and 
Russell et al. 19k9) have concluded that the degeneration may be due to 
a secondary effect caused by degeneration of the vascular system supplying 
the brain. Arnold et al. (195k) concluded that there could possibly be 
primary effects causing changes in behavior. 
High doses have been found to produce brain lesions, grand mal 
seizures (Gerstner et al. 1955b), loss of equilibrium and/or orientation 
in space (Andrews and Kirkland, 1953; Davidoff et al. 1938 ; Nemenow, 
193Ub; Ross et al. 195k; and Russell et ri. 19U9) electroencephalogram 
changes (Arnold et ri. 195k; Clemente and Hoist, 195k; Eldred and 
Trowbridge, 1953; Lee and Snider, 195k; and Ross et ri. 195k)» and hemi­
plegia or quadriplegia (Arnold et al. 195k; Davidoff et al. 1938; McLaurin 
et ri. 1955; and Ross et ri. 195k)* However, relatively high doses were 
required for these effects. These dosages were so high that the animals 
would most likely have died had they received full-body X-radiation in 
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maryr of the experiments* 
Various investigators have reported the relative sensitivity of 
various parts of the brain* Glial cells, cerebellum, brain stem, and 
hypothalamus have been reported to be the most sensitive parts of the 
brain* The cortex has been considered one of the most radioresistant 
areas, and this has been used as an explanation by various investigators 
as a reason for no behavioral changes (e.g., learning) having been found 
in adult animals treated with doses near or below the median-lethal 
(30 days). 
Some work has been conducted to find effects of ionizing radiations 
on the peripheral nervous system and skeletal muscles. Janzen and Warren 
(19U2) found that the peripheral nervous system was more radioresistant 
than the central nervous system. Doses over 10,000 r. were found to be 
effective in altering conduction, but lower ones were ineffective, 
although Patt and Brues (195kb) found a decrease in pulse amplitude 
shortly after administering 750 r. Gerstner et al. (1955») found that 
a treatment of k5,000 r. in rabbits and 75,000 r. in bullfrogs was 
required to eliminate impulse conduction in isolated nerve fibers (temper­
ature: 2U°C.). Doses above 300,000 r. produced complete abolishment* 
Lewis (195k) found that skeletal muscles were radioresistant compared 
with most other types of somatic cells. He observed no effects (except 
possibly slight atrophy) with doses below 6,000 r. A study by Gerstner 
et al. (195k) found that fatigue effects occurred in rabbit gastronemius 
after doses of 50,000 r., and even then, the effects were found only when 
high performance was demanded. 
Regarding behavioral changes in adult animals following treatment 
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with ionizing radiations, a few experiments involving high doses have 
shown some effects. Tarkhanov (Lyman et al. 1933) observed that irradi-
iated flies were quieter than nonirradiated. There have been several 
studies conducted whose main purpose was to detect changes in various 
types of behavior. Neaenow (193Ua, 193Ub) made one of the first attempts 
to detect changes in learning due to X-radiation. A dose of 1,500 r. 
given to a dog's head produced only a slight drop in a conditioned 
response (CR) of the salivary glands» The same dog received 2,200 r, 
more, in addition to the first dose, and a pronounced decrease in the 
conditioned response occurred and lasted for about five weeks. Another 
dog received a dose of 3,500 r. and showed a slight decrease in the con­
ditioned response. A second dose of 2,800 r. was given to the same dog, 
causing a pronounced drop as in the first dog* 
Harlow (1933) studied cortical lesions in 10 rhesus monkeys. He 
induced the lesions by inserting radium into the brain* Delayed re­
actions, performance of patterned string tests, and simple position habits 
were affected* Unfortunately, the dose in this experiment was unknown* 
Vogel (1950) irradiated 6 aggressive male mice which always defeated 
submissive animals* He gave them 50 r* of X-radiation daily (total: 
1200-2000 r*)* The animals continued to be aggressive and dominant to 
submissive animals until a short time before death. Furchtgott (1951) 
X-irradiated 10 rats with 200 r. and 10 with 500 r. whole-body doses and 
tested them in a four-unit directional water maze* His results showed 
no effect upon learning or retention* In another study, Furchtgott (1952) 
tested brightness discrimination in rats after subjecting 25 out of 50 
of them to 369 r* in one case and 11 out of 23 to U69 r* in another* The 
m 
irradiated rats were slightly inferior to controls, using grey stimulus 
cards with Munsel values of 2,5 to 5*0 and 2*5 to 7*0 as cues with illumi­
nation of 0,1 foot candle at the cue. Another study by Furchtgott (1956) 
involved young rats (described as adolescent) which were given 300 or 500 
r. and k0 days later tested for 13 days in a straight-away tank 12 feet 
long» The 300 r, group and control animals were essentially the same, 
but animals from the 500 r, group were significantly slower swimmers, 
Furchtgott has concluded that X-radiation near or below the median-lethal 
dose has little or no behavioral effect, 
Arnold (1952) subjected the heads of experimental rats to 300 r. and 
tested for retention of a previously learned llt-unit T-maze (directional). 
He reported no significant differences in errors or time between controls 
and treated animals. Another group received 800 r. of X-radiation to the 
head. They were then taught a maze, showing no significant difference as 
compared with controls. One-hundred days after treatment a retention 
test showed no significant difference between irradiated and control 
animals, 
Kaplan and Gentry (1953) and Rogers et al. (195k) X-irradiated 
monkeys and tested them for learning, retention, and transfer of multiple 
discrimination problems. The animals were tested immediately and 150 
days following treatment with sublethal and lethal doses of X-rays, An 
increase in reaction time was found in the irradiated animals, but no 
differences in the learning, retention, or transfer of the problems were 
found. 
Fields (1955) tested some 500 male rats after exposing them to doses 
of 100 to 1,000 r. His methods of testing included elevated T-mazes, 
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activity drums, a visual discrimination apparatus, and a vertical maze. 
He found only a decrease in speed and amount of activity immediately 
following irradiation (attributed to general radiation malaise). No loss 
in simple acuity or brightness discrimination was observed over a 12-month 
period* 
Gracia et al. (1955)» using a conditioning experiment, established 
an aversion to a saccharine solution by putting the solution in the cages 
of the experimental animals during six hours of exposure in a gamma field 
(calculated dose - 30 r.). The control animals had only tap water* Both 
groups were tested for preference for 63 days following treatment* The 
controls showed their natural preference for saccharine, but the experi­
mental animals showed a significant drop in preference, as measured by 
saccharine intake. It was hypothesized that a general behavioral dis­
turbance occurred during irradiation, and this disturbance was thought 
to have become associated with the taste stimuli. 
Leary and Ruch (1955) subjected two rhesus monkeys to 200, six to 
300, and five to I4.OO r. of total-body X-radiation. Cage crossings were 
recorded and found to be unaffected. However, the U00 r. animals were 
reported to show a depression in scratching and grooming* (The other 
groups were not observed*) No differences were found for mechanical 
puzzle manipulation after treatment as compared with preradiation manip­
ulation. Pedometer manipulation decreased in the U00 r. group (the other 
groups were not observed), but weight pulling decreased in only some of 
the L00 r. animals* A repeat on the pedometer test gave the same results* 
Blair and Arnold (1956) subjected rats to 2500 r* cranial X-radiation 
(150 pkv, 6 ma*, 2 mm. A1 Filter, target distance 15 cm*, at a dose rate 
16 
of 26$ r./min.) after they had learned a lU-unit multiple T-roaze. 
Retention of the maze was tested on postradiation days 3, 12, and 25* 
These tests were repeated in another experiment, and in addition, tests 
were made at liO, 60, and 80 days posttreatment. In both experiments the 
irradiated tended to perform worse than the controls on day 3 but were 
superior to the controls by day 2$. The superiority was maintained on 
subsequent tests* The authors concluded that motivational factors played 
a major role in accounting for the results* 
Blair (1958) subjected rats to 5000 r, (150 pkv) cranial X-radiation 
and then trained them in a lU-unit multiple T-maze, same beginning the 
day following treatment, others 30 days later, and still others 60 days 
later. Irradiated animals learned the maze in fewer trials, had faster 
running times, and were less variable than the controls* The author 
suggested that increased hunger motivation and reduced exploratory drive 
produced the obtained differences* 
Huff (1958) subjected mice from 2 inbred strains (K and Z) to 350 r* 
whole-body X-radiation and in 2 other experiments to U00 r* whole-body* 
(General Electric Maxitron, 250 pkv, 30 ma., with 0.25 mm* Cu plus 1 mm* 
A1 filtration at a distance of h9 cm.). The treated animals plus controls 
were then tested for acquisition of a modified-T-water maze. Combinations 
,V 
of exact probabilities far the trial scores of the three experiments 
showed that the 2 strains differed significantly from each other, that 
X-radiation produced a decrement in irradiated animals as compared with 
controls, and that there was an effect from radiation which was strain-
dependent* The results of these three experiments differed from other 
experiments involving X-radiation of comparable doses* Since the dosage 
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was below that which might produce gross vascular breakdown, it was con-
— eluded that some other effect, possibly motivational, was responsible 
for the decrement. 
In summary of the previous literature, the results of Huff (1958) 
differed from those of other investigators who used comparable doses 
(MH)l5 or below) of X-radiation. His results showed a decrement in maze 
acquisition which was s train-dependent. Other investigators also have 
found decrements in learning ability of rodents following treatment with 
ionizing radiation, but the doses required to produce decrements in 
ability have been high doses often exceeding the 100 percent lethal dose 
for whole-body X-radiation. Consequently, these treatments must be con­
fined to only a portion of the body, or a measurement must be used which 
can be taken over a very limited number of days. Since the very high 
doses cause vascular breakdown in the brain, these otiier authors attrib­
uted the decrements to destruction of the brain tissue due to gross damage 
to the blood vessels supplying the tissue; i.e., a behavioral effect due 
to secondary destruction of brain tissue. Since most attempts to alter 
learning ability of rodents with treatment with X-radiation at or below 
the median lethal dose had shown only negative results, the demonstration, 
by Huff, of an effect produced by X-radiation below the median lethal 
dose was of much importance. Gross vascular breakdown in the brain has 
been reported only for doses exceeding the MLD^; therefore, it would 
not be a satisfactory explanation for behavioral effects observed at 
lower doses. Further investigations would require testing both genotype 
and X-radiation in order to provide, some clue as to the underlying basis 
of the decrement. The experiments to be reported in the following pages 
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were conducted to provide answers to the problems of the underlying cause 
of a learning decrement due to X-radiation, the influence of genotype, 
and the interaction between strain and radiation# 
19 
MATERIAL AND METHODS 
Mice from 2 inbred strains (Z and K) and their reciprocal hybrids 
were used in these experiments. The inbred mice had been separated into 
distinct strains through 30+ generations of brcrther-by-sister matings* 
Both strains are homozygous albino but differ in many physiological 
characteristics including total body weight, weight of organs, number 
of leucocytes, metabolism of fat, storage of glycogen, and resistance 
to Salmonella typhimurium (Gowen, 1950; Gowen and Stadler, 1956; Stadler 
and Gowen, 1957)* 
The 2 strains were placed in their relative positions regarding their 
resistance to ionizing radiation with respect to each other and to other 
strains maintained at the Iowa State Genetics Laboratory (Stadler and 
Gowen, 1957) * The Z strain was determined to be relatively more radio­
resistant than the K strain with regard to median lethal dose (15 days)* 
However, the difference was relatively small in comparison with that of 
some of the other strains* 
A modified-T-water maze (Figure 1) was used to test the effect of 
LOO r* X-radiation on learning* (The X-rays were delivered by a General 
Electric Maxitron, operated at 250 pkv, 30 with 0*25 mm* Cu plus 1 
mm. A1 filtration, at a distance of L9 cm* from center of target to mid-
mouse and a dose rate of 160 - 16L r. per min*)* Water (3i inches deep) 
was used as a motivating force* The water temperature was maintained at 
3°C. (range 2-L) below room temperature* The alleys of the maze were 
lined with changeable linings with the center alley and one side alley 
painted flat black and the other side alley painted flat white. The 
changeable linings allowed placement of the white alley on either side 
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Figure 1, Diagram of water maze* 
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of the center alley. This was done in the following pattern: left (L), 
right (R), L, R, R, L, R, L, L, etc. The goal which was a ramp by which 
the mice could climb out of the water was always placed in the white 
alley. The pattern of changing the goal from side to side prevented mice 
fran reaching criterion by simple alternate responses from one trial to 
the next. The goal appeared on the same side no more than two consecutive 
trials, making it less likely that a mouse might develop a directional 
response which, if developed, would have to be eliminated before criterion 
could be reached. The setting of criterion at five consecutive correct 
runs prevented the mice which were making directional responses from 
reaching criterion* 
A correct run consisted of the choice of the white alley containing 
the ramp. An incorrect run was recorded if a mouse proceeded at least 
one full body length into the black alley opposite the white one, or 
having entered the white alley, turned around before reaching the goal 
and then entered either the central alley or the incorrect side alley. 
Having made one error, a mouse could make another by leaving the incorrect 
alley by one full body length and then either returning to the incorrect 
alley or entering the central alley* A limit of 5 minutes per trial ws 
set. Any mouse remaining $ minutes was shoved to the goal. 
Experiment I 
Fifty-five K and 55 Z males were randomly assigned to the following 
treatment groups; control, head, mid, rear, whole-body* All groups except 
the controls received U00 r, units X-radiation* Ten K and 10 Z mice were 
assigned as controls, 10 K and 10 Z to head, 10 K and 10 Z to mid, 10 K 
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and 10 Z to rear, and 1$ K and 15 Z to whole body. The larger numbers 
in some of the experimental groups were to compensate for a higher death 
rate in the hope that the groups could be balanced with respect to each 
other# 
At 51 days of age (range U7 to 5U) the animals began their adaptation 
period which consisted of one daily trial in a straight alley for 10 con­
secutive days. On the day following the last adaptation trial the experi­
mental groups were placed in individual capsules and given U00 r. The 
controls were placed in individual capsules, left for 10 minutes, and 
then removed without being irradiated# This procedure was used for the 
control animals in order to duplicate as nearly as possible the experience 
of the experimental animals without actually irradiating them. 
Since raarçy treated animals show symptoms of radiation sickness far 
a few days following treatment, the animals were given a 15 day inactive 
period between treatment and first learning trial. At 76 days of age the 
animals began their learning trials, and each was given one trial per day 
in random order from day to day until he reached criterion. Trials, 
errors, and time scores were recorded. 
Experiment II 
Experiment H contained the same treatment combinations as experiment 
I, and in addition combinations of body thirds were added. Thus, head-mid, 
head-rear, and raid-rear groups were included. Ten K and 10 Z mice were 
assigned as controls, 10 K and 10 Z mice to head, 10 K and 10 Z to aid, 
10 K and 10 Z to rear, 10 K and 10 Z to head-mid, 10 K and 10 Z to head-
rear, 10 K and 10 Z to mid-rear and 16 K and 16 Z to whole body# 
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At S3 days of age (range I48-6I) the animals began their adaptation 
period. Pedigree identification was uncertain in the case of two mice 
at the regular irradiation date. A delay of two days was required for 
the necessary checks. Consequently, the mice were irradiated on the 
third day following the last adaptation trial instead of the first day. 
A few animals in previous experiments had still shown some symptoms 
of radiation sickness, principally anemia, at the time of the first 
learning trial. In order to equate as nearly as possible the motivational 
level of all animals, an additional week was added to the 1$ day period 
between treatment and first learning trial used in the previous experi­
ment. This gave a recovery period of 22 days* 
At 77 days of age the animals began their first learning trial, and 
each was tested until he reached criterion. Trials, errors, and time 
scores were recorded as in the previous experiment. 
Experiments HI and IV 
Crosses were made to obtain Z and K mice and their reciprocal hybrids 
(ZK and KZ with the first letter representing the father's genotype) in 
order to study the differential responses of the different genotypes to 
whole-body X-radiation. A check on the rear third was also planned# 
Unfortunately, prior to and during adaptation, which started at $8 days 
of age (range 57-60, a hitherto unknown foot infection was found in 
some of the male mice. These mice were eliminated from the experiments 
because the infection itself might result in a behavioral effect and also 
might interact with the X-radiation to produce a further effect. Since 
male mice of all types (K, Z, KZ, and ZK) were affected, the mice avail­
able for all treatment combinations were reduced in number. The mice 
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were scheduled to be irradiated on the day following the 10th adaptation 
trial, but some of these mice were found to be showing early signs of 
infection and so reassignment was necessary to make all groups equal in 
number of mice. New cases of infection continued to appear until the 
17th day following adaptation. On the next day the remaining mice were 
randomly assigned to treatment groups and were X-irradiated on the next 
day which was the 19th day following adaptation (86 days of age). Follow­
ing treatment, animals from experiments III and IV were assigned at random 
to individual cages irrespective of the experiment to which they belonged 
in order to eliminate any environmental influence due to cage placement 
and testing order and, thereby, allow a statistical comparison of mice 
from both experiments. The mice from both experiments were tested as 
though they all were in the same experiment. No additional infected mice 
were found after irradiation. Females, which were included in experiments 
III and IV, were not bothered by the infected feet. However, several K 
males and females did show a respiratory ailment and were eliminated 
causing an additional decrease in available animals. Consequently, the 
whole-body groups were not included for the inbred lines. This was not 
a serious handicap in comparing the response of the hybrids to that of 
the inbreds, for the control mice of both inbred strains and their recip­
rocal hybrids could be tested. Also, five previous estimates have been 
made of whole-body effect upon the inbred strains. Experiment III con­
tained: 9 control male and 9 control female K's; 9 rear male (1*00 r.) 
and 9 rear female K's; 9 control male and 10 control female Z's; and 10 
rear (1*00 r.) males and 11 rear female Z's. Experiment IV contained the 
following groups; 9 control male and 10 control female KZ hybrids; 
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9 whole-body (1*00 r.) male and 10 whole-body KZ female hybrids ; 9 control 
male and 9 control female ZK hybrids; and 9 whole-body (1*00 r.) male and 
9 whole-body female ZK hybrids* 
On the 23rd day following treatment (109 days of age) the mice were 
started on their first learning trial and tested to criterion. Trials, 
errors, and time scores were recorded* 
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RESULTS 
Four scares (trials, time per correct trial, time per error, and 
errors per error trial) were calculated and are given for treatment com­
bination of experiments I, II, III, and IV in Tables 1, 2, 3, and U, 
respectively# In all four measurements, the variances in the K scores 
were higher than those for the Z mice. The K's also had higher means 
for all four measurements than did the Z's. Hence, a relationship 
existed between the means and variances of the data. À transformation 
of the data to logarithms would have a stabilizing effect on the variance# 
According to Bartlett (191*7) > other transformations suitable for these 
data would have required a close approximation of constants. Since as 
few as 2 points were available to estimate the entire transformation 
scale, the chance of a close approximation of a constant would have been 
rather doubtful. Therefore, the data were transformed to logarithms with 
the exception of time per correct trial, errors per error trial, and time 
per error scores of experiment I# These scores were analyzed separately 
for the 2 strains, and the heterogeneity of the variance between the 2 
strains was absent in the analyses# 
The scores for time per correct trial were obtained by taking all 
correct trials of each animal and determining the average time required 
to swim a correct trial# Errors per error trial scores were obtained by 
taking all incorrect trials and finding the average number of mistakes 
made per trial. The average time per incorrect trial was also determined 
for each animal, and the difference between the time per incorrect trial 
and the time per correct trial divided by the errors per error trial 
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Table 1. The sums of scores for treatment combinations of experiment I 
(KO « K control, KH * K head, KM = K mid, KR = K rear, and KW = 
whole-body, etc.)" ~ 
Time per Errors per Time per No. of 
Trials correct trial error trial error mice 
KO 398 337 16.69 178 10 
ZO 219 112 11.1*5 80 10 
1ÎH 689 291* 1U.35 165 10 
ZH 230 96 12.5U 93 10 
KM 650 305 13.78 168 10 
ZM 262 106 11.31 90 10 
to 1*1*8 3U0 15.28 221* 10 
ZR 221* 129 11.1*0 108 10 
to 375 96 6.97 70 5 
zw 211* 150 10.52 79 10 
Table 2. The sums of scores for treatment combinations of experiment II 
(KO • K control, KH • K head, KM » K mid, etc.) 
Time per Errors per Time per No. of 
Trials correct trial error trial error mice 
KO 256 230 
10 190 129 
KH 1*76 259 
ZR 180 122 
1*77 307 
ZM 172 98 
to 1*93 260 
to 168 11*8 
Bbï 361* 277 
ÎHM 229 113 
KHR 51*1 260 
%HR 19U 156 
KMR 51*2 289 
ZMt 168 121 
to 1*86 251* 
Zif 169 123 
1U.U3 175 10 
11.1*3 79 10 
15.71 15U 10 
12.32 76 10 
13.57 11*0 10 
10.53 111 10 
13.28 139 10 
10.75 103 10 
lb.68 155 10 
11.23 81* 10 
13.U8 11*8 10 
11.96 91 10 
15.25 167 10 
10.85 lilt 10 
13.01 iia 10 
11.83 109 10 
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Table 3# The sums of scores for treatment combinations of experiment IH 
(KO = K control, KR = K rear, etc.) 
Time per Errors per Time per No* of 
Trials correct trial error trial error mice 
KO 399 20k 12.89 163 9 
So 175 86 9.09 72 9 
fat HSl 2U8 12*99 177 9 
ZR 177 103 10.21 86 9 
KO 225 211 12.95 13k 9 
ZO 173 78 10*27 93 9 
KR 27k 211 13.55 131 9 
ZR 166 100 12*01 9U 9 
Table U* The sums of scores for treatment combinations of experiment 17 
(KZO » control of the hybrids with K fathers and Z mothers, 
• whole-body irradiated hybrids™"from K fathers and Z 
mothers, etc*) ~ 
Time per Errors per Time per No* of 
Trials correct trial error trial error mice 
KZO 183 102 10.89 10U 9 
zKo 212 81 10.71 87 9 
TSw 169 99 11.U9 108 9» 
IXw 190 108 11.21 99 9 
TSo 2UU 129 9*83 69 9 
2Ro 152 76 9.L3 107 9» 
7Sw 271 139 12*17 108 9 
2i&f 208 91 12.2k 105 9 
*Has one estimated score, the estimate being the mean of the group* 
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resulted in the score labeled as time per error# 
The statistical procedures used In the analyses of the data are 
described in Cochran and Ccx ( 195"i)> Ostle (195k), and Snedecor (195*6)# 
Results of Experiment I 
With 110 animals available, each treatment combination was randomly 
assigned 10 mice except K whole-body and Z whole-body which received 1$ 
each# Only 5 K whole-body mice survived to criterion# One Z whole-body 
was eliminated because of an eye infection and 2 died leaving 12 animals 
in the group# In order to balance the Z treatment combinations, 2 Z 
whole-body mice were randomly eliminated from the results# However, the 
unbalance of the K treatment combinations was rather large with only one-
half as many K whole-body mice as in each of the other groups (K control, 
K head, K mid, and K rear), With a large strain effect, statistical 
comparisons of the groups from both strains confounded strain and radi­
ation effects. Three possible solutions were considered# The first was 
that confounding could be prevented by randomly eliminating animals from 
the other groups to achieve balance, but this would be very wasteful of 
data. The second was estimating missing values# There existed a possi­
bility of a strain I treatment interaction which suggested the mean of 
any treatment combination as the best estimate of a missing value, but 
since one-half of the animals were missing, five missing values would 
have to be added# Also, these five would be determined by only five other 
scores# The third possibility considered was to analyze the two strains 
separately. Although a direct analysis of strain effect or strain X 
treatment interaction cannot be made, there would be other opportunities 
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to check for these effects in experiments II and III as well as in earlier 
experiments# Consequently, the two strains were analyzed separately# 
In general, the variation was rather high with respect to the degrees 
of freedom in this experiment, and only the treatment mean square for K 
trial scores (Table 5) was shown to be significant (F - b#b9j d.f. » b> 
bOj P • < 0.01) a breakdown of the treatment sum of squares (control vs. 
all others, whole-body vs. all but control, head and mid vs. rear, and 
head vs. mid) indicated that head and mid vs. rear was the most important 
effect (F • b»3b> d.f. » 1, bOj P « < 0.0$) and that control vs. all 
others might have been a contributing factor (F • 3*61; d.f# « 1, bOj 
P « < 0*10). A reference to the group scores indicated that the rear 
irradiated group had lower trial scores than did the head and mid groups* 
Also, the control group was lower than the irradiated groups. 
Table 5» The analysis of variance for transformed trial scores of K mice 
in experiment 1(0- control, H • head, M • mid, R • rear, and 
V • whole-body) 
Sources of Degrees of 
variation freedom 
Sum of 
squares 
Mean 
squares F P 
Treatment b 0.861 0.145 b.b9 <0.01 
0 vs. all others 1 0.33b 0.33b 3.61 <0.10 
W vs. all but 0 1 0.121 0.121 •W 
H + M va. R 1 0#b02 0.b02 b#3b <0.05 
H vs. M 1 0.00b o.oob — 
Error 1*0 3.701 0.093 
Total bb U.561 
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The Z mice failed to show a difference in treatment mean square, 
and in the breakdown into group comparisons (Table 6). Therefore, a 
strain X treatment interaction is suggested. 
Table 6. The analysis of variance for transformed trial scores of Z mice 
in experiment I (the symbols were defined in Table 5) 
Sources of Degrees of 
variation freedom 
Sum of 
squares 
Mean 
squares F P 
Treatment 1* 0.079 0.020 — — 
0 vs. all others 1 0.003 0.003 
W vs. all but 0 1 0.036 0.036 — —— 
H + M vs. R 1 0.027 0.027 — — 
H vs. M 1 0.013 0.013 — --
Error 1*5 1.320 0.029 
Total 1*9 1.399 
K time per correct trial scores did not slow any trends (Table 7). 
The Z time per correct trial scores (Table 8) did show one slight 
trend in head and mid vs. rear (F • 2.61*; d.f. - 1, 1*5; P - < 0.25). The 
rear irradiated mice took longer to make a correct run. Since the F is 
low, it is likely that it occurred by chance alone# 
The analysis of K time per error (Table 9) indicated a trend for 
the rear irradiated animals to take more time per error than the head and 
mid groups (F • 3.66; d.f. • 1, 1*0; P • < 0,10). 
The Z time per error analysis indicated a trend in the same direction 
as the K mice (Table 10) in that Z rear irradiated mice took longer per 
error than did the head and mid grotps (F - 2.1*1*; d.f. - 1, 1*5; P "<0.25). 
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Table 7. The analysis of variance for time per correct trial scores of 
K mice in experiment I (the symbols were defined In Table $) 
Sources of Degrees of Sum of Mean 
variation freedom squares squares F P 
Treatment U 17U.6 U3.661 — 
0 vs. all others 1 $2.0 $2.0 a« 
W vs. all but 0 1 7.2 7.2 — 
H + M vs. R 1 109.8 109.8 —— — 
H vs. M 1 5.6 $.6 — — 
Error Uo 10,119.0 2$3.0 
Total hk 10,293.6 
Table 8. The analysis of variance for time per correct trial scores of 
Z mice in experiment I (the symbols were defined in Table $) 
Sources of Degrees of Sum of Mean 
variation freedom squares squares F F 
Treatment k 7k.9 18.7 — — 
0 vs. all others 1 2.2 2.2 
V vs. all but 0 1 l$.k l$.k —— •M 
H • M vs. R 1 $2.3 $2.3 2.6k 
H vs. M 1 $.0 $.0 
— 
Error k$ 891.7 19.816 
Total k9 966.6 
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Table 9* The analysis of variance far time per error of K mice in 
experiment I (the symbols were defined in Table 5) 
Sources of Degrees of 
variation freedom 
Sum of 
squares 
Mean 
squares F P 
Treatment i* 309.9 77.5 — — 
0 vs. all others 1 
W vs. all but 0 1 
H • M vs. R 1 
H vs. M 1 
0.1 
89.lt 
220.lt 
0.1* 
0.1 
89.lt 
220.lt 
0.1* 
3.66 6 0.10 
Error UO 2,1*08.$ 60.2 
Total 1*1* 2,718.1* 
Table 10. The analysis of variance for time per error of Z mice in 
experiment I (the symbols were defined in Table-5) 
Sources of Degrees of 
variation freedom 
Sum of 
squares 
Mean 
squares F P 
Treatment It 55.lt 13.8 — 
0 vs. all others 1 
W vs. all but C 1 
H + M vs. R 1 
H vs. M 1 
12.5 
2lt.3 
18.1 
0.1* 
12.5 
2U.3 
18.1 
0.1) 
3.27 
2.l*lt 
<0.10 
Error 1*5 33U.6 7.U 
Total 1*9 390.0 
3U 
Of course, neither trend was significant at P < 0.0$. Another possible 
trend was Z whole-body vs. all but the control (F • 3.27; d.f. » 1, U$; 
P • < 0.10). The Z whole-body group was lower than other irradiated 
groups. 
The analysis of K errors per error trial (Table 11) had no signif­
icant mean squares. 
Table 12 contains the analysis of Z errors per error trial. Only 
one comparison (whole-body vs. all but control) approaches significance 
(F = 3*63; d.f. • 1, hSi P < 0.10)* The whole-body mice had a lower 
number of errors per error trial than did the other irradiated Z mice. 
Table H* The analysis of variance for errors per error trial of K mice 
in experiment I (the symbols were defined in Table 5) ~ 
Sources of Degrees of Sum of Mean 
variation freedom squares squares 
Treatment I* 0.$37 0*013 
0 vs. all others 1 0.1*10 0*1*10 
V vs. all but 0 1 0*012 0*012 
H • M vs. R 1 0.098 0*098 
H vs. M 1 0.016 0.016 
Error 1*0 8.129 0.203 
Total 1*1* 8.66$ 
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Table 12. The analysis of variance for errors per error trial of Z mice 
in experiment I (the symbols were defined in Table 5) 
Sources of 
variation 
Degrees of 
freedom 
Sum of 
squares 
Mean 
squares F P 
Treatment h 0.208 0.052 — — 
0 vs. all others 1 
W vs. all but 0 1 
H 4 M vs. R 1 
H vs. M 1 
0.000 
0.11U 
0.019 
0.076 
0.000 
O.lUt 
0.019 
0.076 
3.63 <0.10 
Error U5 1.U05 0.031 
Total h9 1.613 
Results of Experiment II 
In experiment II, all Z mice survived, and all K mice survived except 
h K whole-body mice leaving 12 K whole-body mice. One Z whole-body mouse 
was dropped from the experiment because of symptoms of anemia and others 
were randomly eliminated to make the group equal with the other treatment 
combinations. Two K whole-body mice were randomly eliminated to balance 
the K groups. Consequently, this experiment was analyzed with equal 
groups. 
The treatment sum of squares for trials was significant (F • 5.20; 
d.f. • 15, lUt; P • < 0.01). À breakdown of the treatment (Table 13) 
indicated two significant effects: strain (F • 50.65; d.f. • 1, lltli; 
P • < 0.01) and strain X rear interaction (F • U.68; d.f. * 1, li&; 
P • < 0.05). In addition to the regular breakdown of treatment, four 
separate comparisons revealed the following: Z control plus K control vs. 
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Table 13» The analysis of variance for transformed trial scores of 
experiment II (St « strain, H * head, M • mid, R • rear, and 
0 - control) 
Sources of Degrees of Sum of Mean 
variation freedom squares squares F P 
Treatment 15 
St 
H 
StXH 
M 
StXM 
HXM 
StXHXM 
R 
StXR 
HXR 
MXR 
StXMXR 
HXMXR 
StXHXMXR 
Error 11*1* 
Total 159 
20 + KO vse all 
other"mice 1 
Error 114* 
KO vs. all other 
I's 1 
Tfc vs. all K's 
Fut 0 1 
KR vs. no KR 1 
U.632 
3.777 
0.052 
0.002 
0.001 
0.002 
0.011 
0.072 
0.103 
0.31*9 
0.011 
0.051 
0.019 
0.005 
0.178 
10.738 
15.370 
0.135 
10.738 
0.390 
0.055 
0.1*16 
0.338 
3.777 
0.052 
0.002 
0.001 
0.002 
0.011 
0.072 
0.103 
0.3U9 
0.011 
0.051 
0.019 
0.005 
0.178 
0.075 
5.20 
50.65 
<0.01 
<0.01 
0.135 
0.075 
0.390 
0.055 
0.1*16 
1*.68 <0.05 
3.82 
3.66 
<0.10 
< 0.10 
Error 72 8.818 0.11k 
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all other Z and K mice was not significant (F < 2). However, K control 
vs. all other K mice did show a trend for the K control mice to reach 
criterion earlier (F « 3*82; d.f. - 1, 72; P • < 0.10), Also, the K rear 
us. all irradiated K's was not significant (F < 1), but considering all 
all K mice with rear irradiated against all K mice without rear irradiated 
(i.e., K rear, K head-rear, K mid-rear, K whole-body), there was a trend 
toward increased trials for rear groups which could be seen, (F • 3.6$; 
d.f. « 1, 72; P • < 0.10). These separate comparisons were included at 
the bottom of Table 13. 
The analysis of time per correct trial (Table lit) resulted in a 
significant treatment mean square (F • 12.08; d.f. • 1$, lltlt; P » < 0.01). 
The breakdown of treatment into comparisons indicated that strain was the 
most important influence (F • 161*.80; d.f. • 1, 1.1*1*: P • < 0.01), and 
that a strain X mid interaction also contributed (F • 6.72; d.f. • 1, lltlt; 
P • < 0.0$). An examination of the treatment combination means indicated 
the strain X mid interaction was due to the Z mid vs. other Z irradiated 
mice having been faster swimmers. A separate comparison (bottom of Table 
lit) also indicated the same thing (F • lt.36; d.f. * 1, 72; P • < 0.0$). 
In the time per error analysis (Table 1$), the treatment mean square 
reached the 0.01 level of significance (F - 3.28; d.f. « 1$, Hilt; P -
< 0.01), and the strain mean square was significant (F • 37.1*7; d.f. • 1, 
Hilt; P • < 0.01), the K mice taking more time per error than the Z mice* 
A strain X mid interaction was found (F • 3.1*9; d.f. - 1, 11*1*; P • <. 0.10) 
with mid irradiated Z's slower and mid irradiated K's faster than their 
respective groups without mid treatment. 
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Table 12*, The analysis of variance for transformed time per correct trial 
scores of experiment II (the symbols were defined in Table 13) 
Sources of Degrees of Sum of Mean 
variation freedom squares squares F P 
Treatment 15 U.526 0.302 12.08 < 0,01 
St 1 U.120 U.120 16U.80 <0,01 
H 1 o.ooU O.OOit — —— 
StXH 1 0.030 0.030 —— 
M 1 0.007 0,007 —— — 
StXM 1 C 168 0,168 6.72 <0.05 
HXM 1 0.012 0.012 — 
StXHXM 1 0.0)40 O.OltO —— 
R 1 0.062 0.062 wmmm 
StXR 1 O.OltO O.OltO — — 
HXR 1 0.002 0.002 —— 
StXHXR 1 3.002 0.002 *— 
MXR 1 0.008 0.008 we* —— 
StXMXR 1 0.013 0.013 —— 
HXMXR 1 0.005 0,005 
StXHXMXR 1 O.Ollt O.Ollt 
— 
Error lltlt 3.631 0.025 
Total 159 8.158 
ZM vs. all Z's 
but 0 1 90,5 90.5 lt.36 <0,05 
Error 72 Ut91.2 20,7 
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Table 15. The analysis of variance for transformed time scores per error 
of experiment II (the symbols were defined In Table 13) 
Sources of 
variation 
Degrees of 
freedom 
Sum of 
squares 
Mean 
squares F P 
Treatment 15 2.265 0.151 3.28 — 
St 1 1.719 1.719 37.U7 <0.01 
H 1 0.001 0.001 — 
StXH 1 0.007 0.007 — 
M 1 0.027 0.027 ——1 •— 
StXM 1 0.161 0.161 3Jt9 <0.10 
HXM 1 0.001 0.001 —— — 
StXHXM 1 0.016 0.016 
R 1 0.072 0.072 —— 
StXR 1 0.019 
HXR 1 0.001 
StXHXR 1 0.030 0.030 
MXR 1 0.068 0.068 
StXMXR 1 0.018 0.018 
HXMXR 1 0.05U 0.05U 
StXHXMXR 1 0.070 0.070 — — 
Error lltlt 6.623 0.0lt6 
Total 159 8.888 
The treatment mean square for errors per error trial (Table 16) was 
also significant (F - U.67; d.f. « 1$, 114ij P • < 0*01). The only com­
parison in the breakdown of treatments which was important was the strain 
mean square (F » 56.00; d.f. • 1, lltlt; P • < 0.01), with K mice having 
made more errors per error trial. 
Results of Experiment HI 
With the random elimination of 1 Z irradiated male, 1 Z female 
control, and 2 Z female irradiated, experiment III could be analysed with 
equal numbers in each group* 
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Table 16. The analysis of variance for transformed errors per error trial 
scores of experiment II (the symbols were defined in Table 13) 
Sources of 
treatment 
Degrees of 
freedom 
Sum of 
squares 
Mean 
squares F P 
Treatment 1$ O.U27 0.028 U.67 < 0.10 
St 1 0.3U8 0.3U8 $6.00 
H 1 0.012 0.012 —— — 
StXH 1 0.006 0.006 — 
M 1 0.00$ 0.00$ — 
StXM 1 0.002 0.002 — 
HXM 1 0.00U O.OOU — —— 
StXHXM 1 0.002 0.002 
a 1 0.008 0.008 — 
StXR 1 0.003 0.003 — 
HXR 1 0.007 0.007 — — 
StXHXR 1 0.011 0.011 — — 
HXR 1 o.oiu o.oiU — — 
StXMXR 1 0.000 0.000 —, 
HXMXR 1 o.ooU o.ooU 
StXHXMXR 1 0.002 0.002 
Error lUU 0.933 0.006 
Total 159 1.360 
The analysis of trial scores (Table 17) indicated significance of 
the treatment mean square (F • 2.6$; d.f. • 7, 6U; P • <0.0$) with the 
additional indication that strain was the important factor (F - 1U.18; 
d.f. • 1, 6U; P • < 0.01), the K mice having required more trials to 
reach criterion than the Z mice. 
The time per correct trial analysis (Table 18) resulted in the sane 
conclusions. The treatment mean square was significant (F • 1U.$0; 
d.f. » 7, 6U; P • < 0.01), and the strain was the Important comparison 
(F - 9$.12; d.f. • 1, 6U; P • < 0.01). As before, the K mice were slower 
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Table 17* The analysis of variance for transformed trial scores of 
experiment III (St • strain, R = rear and S = sex) 
Sources of 
variation 
Degrees of 
freedom 
Sum of 
squares 
Mean 
squares F P 
Treatment 7 1.130 0.161 2.651 <0.05 
St 1 0.863 0.863 Ik.181 <0.01 
R 1 0.013 0.013 — — 
StXR 1 0.010 0.010 
S 1 0.127 0.127 — 
stxs 1 0.115 0.115 
RXS 1 o.ook 0.00k 
StXRXS 1 0.000 0.000 — — 
Error 6k 3.896 0.061 
Total 71 5.026 
Table 18* The analysis of variance for transformed time per correct trial 
scores of experiment HI (the symbols were defined In Table 17) 
Sources of Degrees of Sum of Mean 
variation freedom squares squares F P 
Treatment 7 2.U36 O.3k8 lk .50 <0.01 
St 1 2.263 2.283 95.12 <0.01 
R 1 0.120 0.120 5.00 <0.05 
StXR 1 0.005 0.005 — 
S 1 0.002 0.002 
stxs 1 o.ook 0.00k — 
RXS 1 0,005 0.005 
StXRXS 1 0.017 0.017 
Error 6k 1.508 0.02k 
Total 71 3.9kk 
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than the Z mice* The mean square for rear Irradiation was significant 
(F « 5,00; d.f. - 1, 6U; P = < 0.05). The K males with rear irradiation 
varied more from their controls than did Z males, although Z did show 
the same trend. The effect was characterized by an increase in time 
required to complete a correct trial. 
The treatment mean square for time per error (Table 19) was signif­
icant (F « 5.75; d.f. = 7, 61t; P « < 0.01), and a breakdown of the treat­
ment sum of squares indicated both strain (F • 33*36; d.f. « 1, 6U; 
P • < 0.01), with K mice high, and strain X sex (F • U.75; d.f. * 1, 6U; 
P = < 0.05) were important. The K females took less time than the K 
males, but the Z females took more time than Z males. 
The errors per error trial analysis (Table 20) had a significant 
treatment mean square (F = 3«bU; d.f. = 7, 6U; P = < 0.05) and indicated 
a strong strain effect (F « 18.22; d.f. = 1, 6U; P • < 0.01), with K mice 
having made more errors per incorrect trial than Z's. 
Results of Experiment IV 
With the random elimination of 2 mice experiment IV was made equal 
in number within each group except for 2 groups which contained only 8 
mice each instead of 9 mice. The KZ male whole-body and ZK female control 
groups were each missing a mouse because of death. Since interactions 
were likely, the mean of each group was added to it as a missing value, 
and the total degrees of freedom and the error degrees of freedom were 
lowered accordingly. 
In the analysis of trials (Table 21) only 1 mean square was signif­
icant: Genotype X sex (F • L.02; d.f. » 1, 62; P « 4 0.05). The ZK 
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Table 19. The analysis of variance for transformed time per error scores 
of experiment HI (the symbols were defined in Table 17) 
Sources of 
variation 
Degrees of 
freedom 
Sum of 
squares 
Mean 
squares F P 
Treatment 7 1.129 0.161 $.75 <0.01 
St 1 0.93b 0.93b 33.36 <0.01 
R 1 0.037 0.037 — —— 
StXR 1 0.001 0.001 — —-
S 1 0.002 0.002 — — 
stxs 1 0.133 0.133 b.75 <0.05 
RXS 1 0.021 0.021 — —— 
StXRXS 1 0.001 0.001 — — 
Error 6b 1.786 0.028 
Total 71 2.91? 
Table 20. The analysis of variance for transformed errors per error trial 
scores of experiment III (the symbols were defined in Table 17) 
Sources of Degrees of Sura of Mean 
variation freed ere squares squares F P 
Treatment 7 0.218 0.031 3 »bb to.o5 
St 1 0.16b 0.16b 18.22 <0.01 
R 1 0.016 0.016 
StXR 1 0.009 0.009 
S 1 0.017 0.017 — 
stxs 1 0.010 0.010 — 
RXS 1 0.000 0.000 
StXRXS 1 0.000 0.000 — --
Error 6b 0.573 0.009 
Total 71 0.790 
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Table 21* The analysis of variance for transformed trial scores of 
experiment IV (G - genotype, W » whole-body, and S » sex) 
Sources of Degrees of Sum of Mean 
variation freedom squares squares F p 
Treatment 7 0.1*30 0.061 — — 
G 1 0.051 0.051 — mê •w 
V 1 0.002 0.002 — — 
GXW 1 0.000 0.000 —— 
S 1 0.087 0.087 — — 
GXS 1 0.18$ 0.185 b.02 <0.05 
WXS 1 0.079 0.079 — —— 
GXWXS 1 0.025 0.025 —— — 
Error 62 2.85b 0.0U6 
Total 69 3.28b 
females were somewhat lower in trial scores than the ZK males, but the 
KZ females required more trials to reach criterion than did the KZ males* 
The analysis for time per correct trial (Table 22) failed to show any 
significant comparisons* However, sane trends were indicated* The geno­
type mean square suggested a very slight trend for KZ mice to be slower 
swimmers than ZK animals (F - 2,52; d.f. • 1, 62; P « < 0*2$). The geno­
type X whole-body X-radiation also showed a slight trend with the irradi­
ated ZK animals having been slower swimmers than the control ZK's (F « 
2*61; d.f, « 1, 62; P • < 0*2$). Genotype X sex which was significant 
in trial scores indicated only a trend In time per correct trial 
(F • 2,2b; d,f* • 1, 62; P • < 0*2$) with the KZ females slower than 
the KZ males* 
Table 23 contains the analysis of time per error* Genotype X sex 
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Table 22. The analysis of variance for transformed time per correct trial 
scores of experiment IV (the symbols were defined in Table 21) 
Sources of 
variation 
Degrees of 
freedom 
Sum of 
squares 
Mean 
squares F P 
Treatment 7 0.250 0.036 " — 
G 1 0.083 0.083 2.52 <0.25 
W 1 0.00k 0,00k we — 
GXW 1 0.086 0.086 2,61 <0.25 
S 1 0.000 0.000 —— 
GXS 1 0.07k 0.07k 2.2k <0.25 
WXS 1 0.000 0.000 —— —» 
GXWXS 1 0.003 0.003 — — 
Error 62 2.07k 0.033 
Total 69 2.32k 
Table 23. The analysis of variance for transformed time per error scores 
of experiment IV (the symbols were defined in Table 21) 
Sources of Degrees of Sum of Mean 
variation freedom squares squares F P 
Treatment 7 0.375 0.05k — — 
G 1 0.013 0.013 — 
W 1 0.079 0.079 3.59 <0.10 
GXW 1 0.039 0.039 —— 
S 1 0.016 0.016 wee 
GXS 1 0.123 0.123 5.59 <0.05 
WXS 1 0.015 0.015 
GXWXS 1 0.089 0.089 k.05 <0.05 
Error 62 1.387 0.022 
Total 69 1.762 
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shoved an effect (F = 5*$9; d.f* • 1, 62; P = 4 0.0$), with ZK males 
faster in time scores per error and KZ males slower than their respective 
sisters. Whole-body irradiation indicated a trend (F • 3.59; d.f. » 1, 
62; P • < 0.10) with the irradiated animals slower in time per error* 
The interaction of genotype X whole-body radiation X sex was significant 
(F » U.05; d.f* • 1, 62; P • < 0.05), with irradiated ZK males and 
irradiated KZ females slower than their respective controls* 
Whole-body irradiation was significant in the analysis of errors 
per error trial (F = 7*00; d.f. » 1, 62; P • < 0*05)* See Table 2k• 
The irradiated mice made more errors per incorrect trial than the control 
mice except in the case of KZ males whose control and treated groups had 
similar scores* 
Table 2k. The analysis of variance for transformed errors per error trial 
scores of experiment IV (the symbols were defined in Table 21) 
Sources of Degrees of Sua of Mean 
variation freedom squares squares F P 
Treatment 7 0.061 0.009 — — 
G 1 0*001 0*001 — 
W 1 o*ok2 O*Ok2 7.00 <0*05 
GXW 1 0*001 0*001 — 
S 1 0*001 0*001 — 
GXS 1 0*003 0*003 — — 
WXS 1 0.01k 0,01k — 
GXWXS 1 0.000 0.000 — 
Error 62 0.36k 0.006 
Total 69 O*k2k 
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Results of Controls from Experiments III and IV 
The controls from both experiments III and IV were combined as dis­
cussed in materials and methods, and the following tests made: K father 
vs. Z father, hybrid vs. pure, Z mother vs. K mother, sex, father X sex, 
genotype X sex, and mother X sex* 
For trials (Table 25), K father vs. Z father showed a significant 
effect (F « 5*70; d.f. - 1, 63$ P - < 0.05). The offspring from K fathers 
took more trials to learn the maze than did offspring from Z fathers. 
(Means: 262.7 and 173*8, respectively). Also, mother X sex showed an 
effect (F =» 1*.58; d.f. = 1, 63; P • < 0.05: Means « 305*5 for males of 
K mothers; 180.0 for females of K mothers, 179.0 for males of Z mothers, 
and 208.5 for females of Z mothers. The male offspring of K mothers took 
more trials than did their sisters. Conversely, male offspring of Z 
mothers did better than their sisters, indicating sex linkage of one or 
more factors influencing the number of trials required to reach criterion. 
The analysis of time per correct trial (Table 26) shewed a signif­
icant treatment mean square (F • 8.82; d.f. • 7» 63; P • < 0*01), The 
comparisons indicated significant differences due to K father vs. Z 
father (F • 1*1.75; d.f. • 1, 63; P • < 0.01) with offspring of K fathers 
taking more time per correct trial than did those of Z fathers; hybrid 
vs. pure (F • 8*5U; d.f. - 1, 63; P • < 0.01) with the hybrid mean lower 
than K mice (95 vs. 209) but higher than the Z mice (95 vs. 82); and Z 
mother vs. K mother. (F - 8.97; d.f. - 1, 63; P • < 0.01) with offspring 
from K mothers taking more time per correct trial than offspring free Z 
mothers (means » 11*1.8 and 98.8, respectively). 
U8 
Table 25. The analysis of variance for transformed trial scores for 
controls of experiments IH and IV (A «* K father vs. Z father, 
B • hybrids va, pure strains, AB * Z mother va# K mother, 
M = sex, AXM • father I sex, BXM • genotype X sex, ABXM -
mother X sex) 
Sources of 
variation 
Degrees of 
freedom 
Sum of 
squares 
Mean 
squares F P 
Treatment 7 0.690 0.098 2.0k <0.10 
A 1 0.275 0.275 5.70 <0.05 
B 1 O.Olik o.okk —- —— 
AB 1 0.093 0.093 — 
M 1 0.019 0.019 •— 
AXM 0.01k O.Olit — 
BXM 1 0.023 0.023 — 
ABXM 1 0.221 0.221 U.58 <0.05 
Error 63 3.038 0.0U8 
Total 70 3.728 
Table 26. The analysis of variance for transformed time per correct trial 
score for controls of experiments HI and IV (the symbols were 
defined in Table 25) 
Sources of 
variation 
Degrees of 
freedom 
Sum of 
squares 
Mean 
squares F P 
Treatment 7 1.732 0.21*7 8.82 <0.01 
A 1 1.169 1.169 kl.75 <0.01 
B 1 0.239 0.239 8.5k <0.01 
AB 1 0.251 0.251 8.97 <0.01 
M 1 0.000 0.000 __ 
AXM 1 0.068 0.068 
BXM 1 0.000 0.000 
ABXM 1 0.00U o.ook 
Error 63 1.750 0.028 
Total 70 3.M 
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With regard to time p«tr error (Table 27), the treatment mean square 
was significant (F = 1*.06; d.f. = 7, 63; P = < 0.01). The comparisons 
showed a trend for a K father vs. Z father effect (F = 3*50; d.f. » 1, 
63; P • < 0.10) with the progeny of K fathers requiring more time per 
error than those of Z fathers (means « 117.5 and 86.8, respectively); 
a Z mother vs. K mother effect (F • 12.76; d.f. » 1, 63; P • < 0.01) with 
the mean for K mother • 119.8 vs. Z mother - 83.5; and a significant 
father X sex interaction (F = 8.03; d.f. * 1, 63; P • < 0.01) with the 
following means; males with K father « 133.5, females with K father • 
101.5, males with Z father • 79.5, females with Z father • 9U.0. The 
main difference appeared to be the male progeny with the females rather 
close together. The genotype X sex interaction was significant (F - 9.09; 
d.f. • 1, 63; P • < 0.10) with the Z and ZK females having required more 
time per error than their brothers and the K and KZ females faster than 
their respective brothers# 
Analysis of errors per error trial (Table 28) had a significant 
treatment mean square (F • 3.67; d.f. • 7, 63; P e < 0.01) with the com­
parisons indicating importance of K father vs. Z father (F • 8.33; d.f* 
• 1, 63; P • < 0.01) with the following means: K father • 11.6, Z father 
• 9.9; and a Z mother vs. K mother effect (F • 13#00; d.f. • 1, 63; 
P • < 0.01), having the following means: Z mother • 10.2, K mother • 11*5$ 
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Table 27* The analysis of variance for transformed time per error scores 
for controls of experiments III and 17 (the symbols were 
defined in Table 25) 
Sources of Degrees of Sura of Mean 
variation freedom squares squares F P 
Treatment 7 0.968 0.138 k.06 <0.01 
À 1 0.119 0.119 3.50 < 0.10 
B 1 0.090 0.090 
AB 1 0.k3k 0.1,3k 12.76 <0.01 
M 1 0.005 0.005 —— — 
AXM 1 0.273 0.273 8.03 <0.01 
BXM 1 0.309 0.309 9.09 <0.01 
ABXM 1 0.016 0.016 — --
Error 63 1.971 0.03k 
Total 70 2.939 
Table 28* The analysis of variance for transformed errors per error trial 
scores for controls of experiments III and IV (the symbols were 
defined in Table 25) 
Sources of Degrees of Sum of Mean 
variation freedom squares squares F P 
Treatment 7 0.156 0.022 3.67 <0.01 
A 1 0*050 0.050 8.33 <0.05 
B 1 0.012 0.012 — 
AB 1 0.078 0.078 13.00 <0.01 
M 1 0.000 0.000 
AXM 1 0.006 0.006 
BXM 1 0.010 0.010 
ABXM 1 0.000 0.000 
— 
Error 63 0.367 0.006 
Total 70 0.523 
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DISCUSSION 
Most investigations involving a search for behavioral changes due 
to X-irradiation of adult animals have led to negative results (Furchtgott, 
1956)* However, there have been exceptions* Blair and Arnold (1956) 
reported an Increase in maze retention following cranial X-radiation» 
In 1958, Blair reported an increase in maze learning in rats given cranial 
X-irradiation. Both of these experiments involved massive doses# 
In 1958, Huff reported a learning decrement in mice following an 
X-radiation dose below the median-lethal range (15 days). A water maze 
was used in order to provide motivation other than food deprivation, and 
to prevent odor cues. The earlier work had shown that two highly inbred 
strains of mice (Z and K) showed a response to X-radiation (whole-body, 
LOO r.). This effect was particularly noticeable in the K mice and char­
acterized by an increased number of trials necessary to reach criterion. 
The treatment had involved only whole-body X-radiation, leaving it un­
certain as to the particular cause of the learning decrement. Conse­
quently, additional experiments were undertaken to determine whether a 
primary effect on the brain, or an effect upon other organs, which 
resulted in a secondary effect on the brain, had been responsible for 
the decrement# 
The analyses of experiments I and II supported earlier work by Huff, 
In both experiments the two strains differed from each other with the K 
mice having required more trials to reach criterion than the Z mice. This 
indicated a strain difference in learning ability# The K control mice 
differed from all irradiated groups in the case of both experiments 
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(P = < 0.10). The difference was characterized by control K mice having 
required fewer trials to reach criterion. Since the comparison K control 
versus all irradiated K's failed to reach the P = < 0.0$ level in both 
experiments I and II, but had shown the same trend, exact probabilities 
were obtained and a method of combining probabilities (Fisher, 19U8) was 
used. The resulting chi-square was 11.32 with U degrees of freedom. The 
probability of being wrong in accepting that K control mice differ from 
all irradiated groups was P • < 0.025. Thus, the two trends when combined 
showed significance of the X-radiation effect. This supported the prev­
ious conclusion that X-radiation produced a learning decrement (Huff, 
1958)* The Z mice failed to show any effect from the radiation. Since 
K mice showed a decrement in trial scores but Z mice failed to do so, 
the earlier conclusion of strain dependency for response to X-radiation 
was supported. However, the previous conclusion that X-radiation caused 
a decrement in learning ability of both strains (Huff, 1958) was not 
supported by experiments I and II. The reason for this discrepancy is 
unknown. If only the Z strain had been used in experiments I and II, 
the conclusion would have been that no learning decrement had been pro­
duced by X-radiation as the experiments of many investigators have sug­
gested (Furchtgott, 1956)* Since these two experiments showed a strain 
dependency, the results did not refute the work of other investigators, 
instead, the importance of the genotype of animals regarding their 
response to X-radiation (as measured by maze learning) was demonstrated. 
The results indicated that irradiation of any body third (head, mid, 
and rear) can produce an effect upon maze performance. Had there been a 
primary effect upon the brain, head irradiated mice should have shown m 
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effect not evident in mid and rear irradiated mice. This failed to occur* 
Consequently, a change in general motivational level vas postulated as an 
explanation for the change. Kohn et al. (1957) found evidence suggesting 
a change in the endocrine balance of X-radiated mice. Patt et al. (1957) 
found increased adrenal activity shortly following X-radiation followed 
by adrenal exhaustion. Raxney et al. (1950) concluded that adrenalectomy 
contributes to muscular fatigue in rats because of a failure of neuro­
circulatory adjustment. Claus (1958) showed that lower glycogenolysis, 
poor intestinal absorption of glucose, and circulatory collapse can result 
in irradiated animals. The results of these investigations showed that 
many effects occurred which could affect the motivational level of irradi­
ated animals. Since the effect failed to be confined to any one body 
region, a lowering of general motivational level would best explain the 
observed results* 
Although all K body thirds did shew an effect from the radiation, 
the rear third differed from the head and mid groups in both experiments* 
In experiment I the K rear group required more trials than did the K con­
trols but fewer trial than did the K head and K mid groups* In experiment 
II the K rear group took more trials than the K head and K mid groups. 
One possible explanation was that the mice in experiment I were given a 
15 day recovery period, and mice in experiment II were given 22 days* 
This additional week between treatment and first learning trial might 
have been sufficient time far some effect present at the first trial in 
experiment I to have been reduced in mice from experiment II prior to 
their first learning trial (i.e., a recovery process could have taken 
place). A check on rear effect in experiment III (with a recovery period 
SL 
of 23 days) failed to reveal any learning decrement. Consequently, the 
experiment failed to give the desired check on rear effect but did indi­
cate, at least, that the rear effect is such that it varied greatly from 
one experiment to another. 
The analysis of experiment IV showed that the trial scores varied 
by only an interaction effect between genotype and sex. This suggested 
that the maze learning decrement was not inherited as a dominant trait 
and could have been either recessive or due to multiple loci. However, 
a possible sex-linked type of inheritance was found. The males from K 
mothers required more trials to learn the maze than did their sisters, 
and the males from Z mothers learned the maze in fewer trials than did 
their sisters. One could postulate that the K X-chromosome carried one 
or more factors which influenced maze learning. Some doubt was cast 
upon the simplicity of this scheme for the hybrid females from the recip­
rocal crosses failed to be alike. The hybrid females from K mothers were 
better maze learners than those from Z mothers. Since the genotypes of 
both were the same, either a maternal influence or a general environmental 
effect was present. A check of the records revealed that the matings 
which produced the KZ females had litters which contained almost twice 
as many offspring than did those which produced the ZK females. This 
suggested that the differential response of the two types of females 
could have been confounded with litter size. 
The combined controls of experiments III and IV resulted in a sig­
nificant K father vs. Z father effect in trial scores. This meant that 
those individuals with a K father (K and KZ mice) were different than 
those with a Z father (Z and ZK mice). A check of the sua of scores for 
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treatment combinations revealed that the mice with K fathers required 
more trials than the other mice» Also, the difference was due to the K 
mice rather than to the hybrids which had K fathers. It was concluded 
that the effect was caused by a difference in genotype of individuals 
with K fathers, for this group contained both pure K's and hybrids» 
Therefore, this effect was caused by the strain factor, and supported 
the conclusion from experiments I, II, and III that there was a large 
difference between the K and Z strains with regard to the trials required 
to reach criterion, A check of the Z mother vs. K mother comparison 
showed the same cause, i.e., the K mice were the deviate ones, and the 
effect was attributed to a strain influence. 
With regard to time per correct trial scores, there -were no trends 
found in the K data of experiment I, but the Z mice did show a slight 
trend. The rear group required more time to make a correct run than did 
the head and aid groups. The probability level of this occurring by 
chance alone was P • < 0.25* The time per correct trial scores of experi­
ment II showed that strain was an important factor in this measurement 
with the K mice taking more time per correct trial than did the Z mice. 
Also, a strain X mid interaction was found in which Z mice with mid 
irradiation required less time per correct trial than did Z mice with 
no mid irradiation. This was indicative of increased motivation and was 
comparable to the effect found by Blair (1958) with high doses of X-
radiation administered to the head of rats. The exact cause of such an 
increase was unknown by Blair, but he attributed it to increased hunger 
motivation and reduced exploratory drive. Time per correct trial scares 
of mice in experiment III (which involved only control and rear groups 
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of K and Z mice) showed a strain effect with the K mice taking more time 
than the Z's. Also, the rear irradiated mice required more time to com­
plete a correct trial than did the controls. Unlike experiment I, both 
strains (K and Z), when irradiated, showed an increase in swimming time. 
This was suggestive of a lower motivation level in X-irradiated animals. 
The combined control groups of experiments III and IV indicated that the 
K mice were so much slower swimmers than the hybrids and Z's that they 
influenced the comparison of mice from K fathers (K and KZ mice) with 
mice from Z fathers (Z and ZK mice) to such an extent that the comparison 
suggested that K fathers greatly influenced the performance of their off­
spring. The comparison of mice from K mothers (K and ZK mice) with mice 
from Z mothers (Z and KZ mice) indicated that the mice from K mothers were 
slower swimmers than were mice from Z mothers. A check of the scores for 
the different treatment combinations revealed that the differences were 
due to the inbred K mice in the comparisons and not to the hybrids. This 
meant that the strain difference was evident in these two comparisons 
(K father vs. Z father and Z mother vs. K mother). 
The K time per error scores for experiment I indicated a trend for 
rear irradiated mice to take more time to make an error than did the head 
and mid irradiated mice. The same trend was found in Z strain. However, 
results of experiments II failed to support this trend, but results of 
experiment III did suggest the same trend. Both experiments II and III, 
showed a very pronounced strain effect with K's taking more time per 
error. In addition, a strain X mid interaction was found in experiment 
II. In general, the K mice which were in groups which received mid 
irradiation required less time per error than K's which did not receive 
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«id irradiation. The Z strain showed, the opposite result with mid. irradi­
ated mice slower than the other Z mice. Since a strain X mid interaction 
also was found in time per correct trial scores, it was possible that raid 
irradiation differentially affected time scores in the two strains. 
Experiment III indicated a strain X sex interaction in the time per error 
results# The K females were closer in time scores per error to the Z 
females than were the K males to the Z males. The particular cause for 
this interaction was unknown, but one possibility was that the female 
cycle could have influenced the females from the fast strain (Z) differ­
ently than those from the slow strain (K)# Analysis of hybrid time per 
error scores also indicated a genotype X sex interaction. The ZK males 
were faster than their sisters and the KZ males were slower than their 
sisters. Also, there was a trend (P • < 0.10) for irradiated hybrids 
to take more time per error than did control hybrids# 
Only strain was shown to be important in errors per error trials 
for experiments I, II, and III, but the irradiated hybrids (experiment 17) 
did show an increase in the number of errors per error trial# This 
demonstrated that the irradiated hybrids were mare likely to make a mis­
take after already having made one in the same trial than were the control 
hybrids# This suggested a decrement in maze retention which was a dif­
ferent effect than that found in the trial scares of Irradiated K's in 
experiments I and II. The trial score decrement produced by X-radiation 
was an effect influencing maze acquisition# The increase in errors per 
error trial was suggestive of reduced maze retention# Increases found 
for time per correct trial scares (experiments I and III) and time per 
$8 
error scores (experiments I, III, and 17) suggested a lower motivational 
level» À decrease in motivation could have been responsible for a 
decrement in maze acquisition and/or a reduction in maze retention* 
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SUMMARY AND CONCLUSIONS 
Three hundred and ninety-seven mice from 2 inbred strains (K and Z) 
and their reciprocal hybrids were used to study the nature of a strain-
dependent learning decrement produced by LOO r. X-radiation (Huff, 19L8). 
The results indicated the following conclusions: 
1. The previously reported differential maze acquisition ability 
for trial scores of the 2 strains was confirmed with the K mice requiring 
more trials, errors and time to learn the maze than did the Z's. The 
combination of controls from the iribreds and their reciprocal hybrids 
supported the importance of genotype as an influential factor in maze 
performance. 
2. There was also confirmation of our reported strain-dependent 
learning decrement produced by whole-body X-radiation (hOO r.). The 
irradiated K mice showed a reduction in learning ability, but the Z's 
did not. Thus, the previously reported X-radiation effect (i.e., irradi­
ation of either strain produced a learning decrement in previous experi­
ments) failed to occur. The reason why the earlier work indicated a 
decrement in irradiated Z mice, but the present experiments failed to 
do so, was not determined. However, both irradiated K and Z mice showed 
an increase in swiianing time per correct trial in one experiment (III). 
Another experiment (II) showed a significant time score increase due to 
rear irradiation of K's. Also, a strain X aid interaction was found which 
was caused by faster swimming of mid irradiated Z's. This suggested 
increased motivation. 
3. Irradiation of any body third (head, mid, or rear) or their 
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